The effect of adenylate cyclase stimulation via the components of the enzyme on nuclear maturation in bovine cumulus-enclosed and zona-free oocytes was examined. The stimulating agents were cholera toxin, pertussis toxin, forskolin, sodium fluoride and prostaglandin E2. Cyclic AMP contents were measured in cumulus-oocyte complexes, cumulus-enclosed oocytes and in zona-free oocytes after stimulation, to establish the relationship between cumulus cell and oocyte cAMP concentrations and the meiotic status of the oocyte. In cumulus-enclosed oocytes, forskolin alone and 3-isobutyl-1-methylxanthine (IBMX), at 0.5 mmol l-1 , inhibited the resumption of meiosis after 8 h of culture; the other agents were without effect. After 24 h of culture, IBMX at 0.5 mmol l-1 was without effect, but at 2 mmol l-1 reduced the percentage of oocytes at the mature stage (51 versus (Cho et al, 1974; Magnusson and Hillensjö, 1977; Dekel and Beers, 1980; Racowsky, 1986; Eppig, 1989 (1985) and Racowsky (1984, 1985) demonstrated that, when cAMP contents were high in cumulus-oocyte complexes, cAMP contents were also high in oocytes derived from these complexes.
.
In Xenopus laevis, cAMP can be synthesized by the oocyte (Schorderet-Slatkine et al, 1978) . In (Dekel and Beers, 1980; Dekel et al, 1988) . Transfer of labelled cAMP from cumulus cells to the oocyte has not been demonstrated (Schultz et al, 1983a, b; Eppig and Downs, 1984) ; but Bomslaeger and Schultz (1985) and Racowsky (1984, 1985) demonstrated that, when cAMP contents were high in cumulus-oocyte complexes, cAMP contents were also high in oocytes derived from these complexes.
In bovine cumulus-oocyte complexes and denuded oocytes, cAMP analogues, phosphodiesterase inhibitors and forskolin can delay nuclear maturation in vitro (Homa, 1988; Sirard and First, 1988; Sirard, 1990 Zona-pellucida-free oocytes were used instead of cumulus-free oocytes to ensure that the effects observed were on the adeny¬ late cyclase enzyme of oocytes rather than on the adenylate cyclase of cumulus cell processes embedded in zonae pellucidae (Kuyt et al, 1988) . The stimulating agents used were cholera toxin, pertussis toxin, sodium fluoride, forskolin and prostaglan¬ din E2. Cholera toxin and pertussis toxin modify G protein func¬ tion by using NAD to ADP-ribosylate Gs and Gi, respectively; these modifications lead to the irreversible stimulation of adeny¬ late cyclase by Gs or to the inability of Gi to turn off the enzyme (Birnbaumer et al, 1987; Gilman, 1987) . Sodium fluoride can alter the function of the enzyme complex by irreversibly coupling the subunit of Gs to the catalytic component (Ross and Gilman, 1980) , and the catalytic component can be directly activated by forskolin (Seamon et al, 1981 (70, 52, 57, 59 and 81% of germinal vesicle breakdown for these treatments, respectively) (Fig. lb) (Fig. 2a) . The small decrease in the proportion of mature oocytes seen when oocytes were cultured with cholera toxin alone was not sig¬ nificant (73 versus 58% for control medium and cholera toxin, respectively) nor was the slight increase caused by pertussis toxin and prostaglandin E2 (82 and 80% mature oocytes for these two treatments, respectively). Sodium fluoride had no effect on the number of oocytes resuming meiosis (69% mature oocytes).
It is known that mouse oocytes possess a very active phospho¬ diesterase (Bornslaeger et al, 1984) ; the same agents were there¬ fore combined with the phosphodiesterase inhibitor IBMX to see whether the absence of effects with cholera toxin, pertussis toxin, sodium fluoride and prostaglandin E2 was due to very fast degra¬ dation of cAMP synthesized in response to these agents. It can be seen that the addition of IBMX (at 0.5 or 2 mmol 1~' ) greatly reduced the percentage of mature zona-free oocytes in control medium and with all the agents studied (significant differences between control and IBMX (Fig. 2a) (Fig. 2b) (Downs et al, 1988) .
In zona-free oocytes, forskolin significantly delayed the re¬ sumption of meiosis and stimulated the synthesis of high amounts of cAMP, indicating that the bovine oocyte possesses adenylate cyclase activity and can generate cAMP in sufficient amounts to affect nuclear maturation in vitro. However, cholera toxin, pertussis toxin and sodium fluoride had no effect on the maturation rate or on the cAMP content of zona-free oocytes.
When these agents were used in combination with the phospho¬ diesterase inhibitor IBMX, the maturation rate was the same as the maturation rate achieved with IBMX alone; by contrast, the effect of forskolin on nuclear maturation and on cAMP content was potentiated by IBMX.
An immunocytochemical study using various antisera to ß or subunits of G proteins showed the presence of G proteins in rat oocyte and bovine spermatozoa (Garty et al, 1988 (Dekel and Beers, 1980; Dekel et al, 1984; Aberdam et al, 1987 (Dokhac et al, 1986 
